I discuss the early history of holography and explore how perceptions, applications, and forecasts of the subject were shaped by prior experience. I focus on the work of Dennis Gabor (1900Gabor ( -1979 in England,Yury N. Denisyuk (b. 1924) in the Soviet Union, and Emmett N. Leith (1927Leith ( -2005 and Juris Upatnieks (b. 1936) in the United States. I show that the evolution of holography was simultaneously promoted and constrained by its identification as an analog of photography, an association that influenced its assessment by successive audiences of practitioners, entrepreneurs, and consumers. One consequence is that holography can be seen as an example of a modern technical subject that has been shaped by cultural influences more powerfully than generally appreciated. Conversely, the understanding of this new science and technology in terms of an older one helps to explain why the cultural effects of holography have been more muted than anticipated by forecasters between the 1960s and 1990s.
Introduction
The emergence of new subjects in science and technology is seldom a neutral process in society. Historians have long recognized that science, technology, and culture are interlinked, but generalizations about their relationships have tended to remain contentious because the strength and direction of their mutual influences have been disputed case by case. While some work in the history of science has focused on the evolution of new subjects, relatively few studies have explored directly how this process is influenced by preexisting technologies. 1 I discuss the history of holography and photography to explore how perceptions, applications, and forecasts of new subjects can be shaped strongly by prior experience. I argue that the evolution of holography was simultaneously promoted and constrained by its identification as an analog of photography, and that this association influenced its assessment by successive audiences of practitioners, entrepreneurs, and consumers. One consequence is that holography can be seen as an example of a modern technical subject that has been shaped by cultural influences more powerfully than generally appreciated. Conversely, this understanding of this new science and technology in Vol. 8 (2006) Holography as an Analog of Photography 165 terms of an older one helps to explain why the cultural effects of holography have been more muted than anticipated by forecasters between the 1960s and 1990s. Holography illustrates how cultural predilections can transform a radically new concept into a more easily absorbed form.
Dennis Gabor and the Context of Microscopy
The term "holography" became dominant by about 1966 to describe techniques and concepts that had been circulating for nearly two decades among a handful of researchers. The first of these investigators, and the sole winner of the Nobel Prize in Physics for 1971 "for his invention and development of the holographic method," was Dennis Gabor (1900-1979, figure 1) , an émigré Hungarian electrical engineer and physicist employed at the British Thomson-Houston Company in Rugby, England, who introduced the concept of "wavefront reconstruction" in 1947. Attempting to improve the quality of imaging by electron microscopes, Gabor conceived a two-stage hybrid technique. First, the electron beam of the microscope would be employed to cast a shadow of a microscopic object and to record it on photographic film. Owing to the wave nature of electrons, this so-called "physical shadow" would be ringed by interference fringes caused by the interference of portions of the wavefront after diffraction by the object. Second, this photographic recording, which Gabor dubbed a "hologram," would be used to reconstruct a magnified image of the object: the tiny film record would be illuminated by a beam of coherent light that then would be diffracted by the recorded fringes to recreate a visible image.* The magnification of this image would be proportional to the ratio of the wavelengths of the electron beam to that of visible light, or by a factor of about 10,000. Gabor was not interested directly in the magnification process, because contemporary electron microscopes were capable of achieving such magnifications, but he hoped that the technique could improve spatial resolution. Electron microscopes had been constrained by the unavoidable spherical aberrations of their magnetic lenses to a spatial resolution of about 10 nanometers. Gabor intended that his two-step process would allow aberration-correcting optical lenses to be used in the imaging stage to yield images some ten to one hundred times sharper, or enough to resolve individual atoms.
To Gabor's contemporaries, his novel concept was arcane, complex, and unpromising. Sir Lawrence Bragg (1890-1971), well-known for his early work in X-ray diffraction** and now Gabor's informal mentor, wrote to him on July 5, 1948, that "I think I am beginning to understand the principle, though it is still rather a miracle to me that it should work." 2 A handful of other physicists who explored wavefront reconstruction criticized Gabor's expository style, unjustifiable optimism, and technical limitations. For * The hologram can be understood as a generalized Fresnel zone plate, reconstructing an image by diffracting the wavefront into multiple foci, an association that Gabor recognized only three years later. ** William Lawrence Bragg (1890 Bragg ( -1971 had worked with his father William Henry Bragg (1862 -1942 on the X-ray analysis of crystal structure. They were awarded the Nobel Prize in Physics for 1915 for their work.
